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Other end, the IF signal is reconstructed, and then 970, converted to an optical output and ^plied to wave 

up-converted back to RF. divisional multiplexer 932, foe transmission over fiber 905 

The down-cwiversion and up-conversion are inq)le- to sectorized base station unit 906 of FIG. 46. The digitized 

mented by mixing the signal with a local oscillator (LO). In data stream is received by wave division multiplexer 916, in 

OTder for the ordinal frequency of the signal to be restored, 5 sectorized base station unit 906 of FIG. 46, applied to unit 

the signal must be up-converted with an LO that has exactly 960. Unit 960 demultiplexes the digitized stream into a 

the same frequency as the LO that was used for down digital stream associated with eadi sector and converts each 

conversion. Any difference in LO frequencies will translate sectw digital stream to a sector RF signal. The sector RF 

to an equivalent end to end frequency offset In the embodi- signal is applied to the receivers of the respective channel 

ment described above, the down conversion and up convex- jq banks for the sectors. 

sion LO's are at locations remote from one another. Thus, the sectorized microceU system of the present 

Therefore, in one prefored embodiment frequency c<rfier- invention allows for tiie replacement of the conventional cell 

ence between the local and remote LO's is established as site base station in a convention macrocell. In the above 

follows: at the host end. there is a 552.96 MHz master dock described embodiments, the antennas used for each sector 

which establishes &e bit rate over the fiber. This clock also ^5 are directional, and are all located in the same place. Each 

generates a 30.72 MHz clock (30.72=522,96+18), which directional antenna, one transmit and receive for each sector, 

serves as a reference to which the host digitizer LO's are is then directed outwardly aaoss the sector sorviced by 

lodced. them- For instance, the sectors may be pie-shaped, with the 

At flie remote end, there is another 552.96 MHz clock, directional antennas positioned at the center of the pie. 

whidi is recovered from the ojAical bit stream with the help 20 ^^^n^tively, nondirec^ional antennas could be used and 

of a phase lock loop. Because this dock is recovered from positioned at different locations in the cell site. In sudi a 

the bit stream generated at the host, it is frequency coherent *® antennas are coupled to the cell site through coaxial 

with the master clock A 30,72 MHz clock is then generated cables. In addition, thaigh the above sectaiz^on examples 

to serve as a reference for the remote local osciUat<»-s. described using antenna pairs, it should be 

Becausethe552.96MHzclocksarefrequency coherent so 25 ^^^ious to one skilled in the art that sector units having one 

are tiie 30.72 MHz references, and any LO' s locked to them, antenna, or even units having three or more antennae may be 

thus ensuring tiiat host and remote LO's are locked in advantageously within sudi a system. Furthermore, 

frequency. although the exaii^)les desaibed entail only the digitization 

Referring now to EEGS. 46 and 47, there is shown yet ^ ^^^nals generated from the telephone signal received 

another alternate exemplary embodiment to the sectorized 30 from the MTSO, it should be apparent that the tedmiques of 

microceU system according to the present invention. In this synthesis descnbed in the context of FIG. 10 et aL 

embodiment sectorized base station unit 906, provides that ^ sectorized microceU system Diversity chan- 

an analog-to-digital multiplexer and digital-to-analog ^^^^ ^ implemented as described above, 

demuitipiexer unit 960 receives a separate mpat from each FmaUy, although each of the examples above describes 

of the channel banks 912, and separately converts each of 35 *^se of an analog RF signal transmitted and received by 

the RF conqxjsite signals from the channel banks to a eadi remote unit it should be obvious that the above system 

corresponding digitized RF stream. This digitized RF stream mettiod can be appUed advantageously to a digital RF 

is in turn multiplexed into a single digitized stream, which cellular system in a manner weU known in the art 

is <xitput in optical form for ^)pUcation to wave division Thus, as described above, the sectorized ceU replacement 

multiplexer 916. In tfie reverse direction, a single digitized 40 system provides for greater reuse of diannels, by dividing 

RF stream is received from wave division multiplexer 916, conventional ceUs or even microcells into a pluraUty of 

and demultiplexed into N separate digital streams, each severs. Furthermore, the system provides aU the benefits 

corresponding to one of N sectors (where N=3 in the advantages of the microceU systems described 

example shown in FIG. 42). Each of the digital streams hereinabove, \^erein the transmittars and receivers fen: aU 

represents a desynchronized of the analc^ RF received by 45 channels in the ceU are centraUy located in a convenient 

^e respective sector antenna in pair 902. The demulty>lexed inexpensive location. 

digital stream is then converted from digital-to-analog form. Thus, as described above, the present inventions provide 

and ^Med to each of the respective receivers in the diannel a variety of digital systems and methods fa- transporting 

banks 912. ceUular trafric to and from antenna units, and for passively 

FIG, 47 iUustrates an alternate embodiment of remote unit 50 switdiii^. Although the invention(s) has been described in 

904 of FIG. 42. Remote units 900 of FIG. 47 include a its prefmedfcain, those of skiU in the art wUl recognize fliat 

nuiltiplexei/demuitiplexa: unit 970, whidi receives tiiedigi- Kiany modifications and changes may be made thereto 

tized stream from wave division multiplexer 930, and con- without departing from the spirit and the scope of the claims 

verts the multiplexed digitized signals from each of the anpended hereto, 

respective banks in the sectorized base station unit 906 55 / We claim: 

shown in FIG. 46. The demultq)lexed data streams for each ^ 1- A method of sectorizing coverage ova: a ceUular 

of the banks is appHed to respective digital-to-analog and communications area divided into a pluraUty of microcells 

analog-to-digital conversion units 972 which convert the covering a subarea of the conununications area and 

digitized signal to a corresponding analc^ RF signal. The being divided into a pluraUty of angular sectors having 

analog RF signal is appUcd to an an^Ufier 938, which is in 60 separate transmitters and receivers, &e m^od conpising 

turn appUed to band pass filter 940 and to transmitter p^faroing the foUowing steps: 

antenna 902^; in a manner simUar to that described for FIG. receiving a numba: of information-bearing telephone sig- 

44. Similarly, RF receiving antenna 902i> is appUed to band nals from a mobUe telecommunications switching 

pass filter 942, \^ch in turn appUes its output to unit 972, oMce at a comnoon base station serving the microcells 

whereiQ the analog signal is conveited to a digital form for 65 widun the ceUular communications area; 

j^Ucation to multq>lexcr/demultQ>lexer 970. The digitized modulating the information-bearing telephone s^nals 

data streams from each of units 972 is multiplexed in unit onto a plurality of different malog radio-frequency 



5,852,651 



35 



36 



10 



15 



carriers representing a plurality of different channel sets 
for respective sectors of the microcells at the base 
station; 

combining the analog radio-frequency sisals for all of 
the sectors into a single outiK>und analog signal within 
a predetermined radio-frequency band^ representing all 
of the channel sets for ail of the sectors; 

converting the single outbound analog signal directly to a 
single outbound digital representation at the base sta- 
tion; 

sending the outbound digital representation of the radio- 
frequency signal via a transmission means to a remote 
unit located in or near the subarea of at least one 
microceU; 

at the remote unit converting the outbound digital rep- 
resentation directly to a single analog representation of 
the entire outbound single radio-frequency signal 
within the same radio-frequency band and containing 20 
eadi of the plurality of cliannel sets; 

sending each of the plurality of channel sets to a different 
one of a plurality of antenna units for the microceU, 
eadi of the antenna units being positioned so as to 
cover a different angular sector of the microceU; 

at the antenna unit covering each sectcM* of the microceli, 
receiving telephone signals within the radio-frequency 
band for the channel set of that sector; 

sending the received telephone signals to the remote unit; 

at flie remote unit, combining all the received telq)hone 
s^nals from all the sectors to a single combined analog 
radio-frequency received signal containing all the 
channel sets for the micxocell; 

conv^ng the single combined radio-frequency recdved 
signal directly to a received digital rqjresentation of the 
radio-frequency band of the channel sets for the sec- 
tors; 

sending the received digital representation via the trans- 
mission means to the base station; and 

at the centrally located base station, converting the 
received digital representation directly to a recdved 
analog representation; 

demodulating the received analog representation to 
recover flie individual inbound telephone signals, 

2. Hie method of claim 1^ wherein: 

the step of sending the digital representation of tiie 50 
radio-frequency signal to fee remote unit includes 
modulating it onto a transmit optical signal at a transmit 
wavelength on an optical fiber; and 

the step of sending ttic received digital repiesentation to 
the base station includes modulating it onto a receive 
optical signal on an optical fiber. 

3. The method of claim 2, wherein the transmit and 
receive optical signals are sent on the same optical fiber, the 
transmit and receive wavelengdis being different from each 
other. 

4. The method of claim 1, wherein all the antenna units are 
located near the remote unit and wherein the distance from 
the centrally located base station to ttie remote unit is greata 
than the distance from fee remote unit to its antenna unit 

^ 5. A mefeod of sectorizing coverage over a cellular 65 
communications area divided into a plurality of microcdls 
each covering a subarea of fee communications area, and 
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eadi divided into a plurality of sectors, fee mefeod com- 
prising performing fee following steps for each microcell: 
recdving a number of information-bearing telephone sig- 
nals from a mobile telecommunications switching 
of&ce at a common base station serving fee microcells 
within fee cellular communications area; 
generating from fee inf<CTiation-bearing telephone sig- 
nals one of a plurality of different channel sets of 
signals for each sectOT of that microcell at fee base 
station; 

combining fee plurality of different diannel sets into a 
single analog signal in a predetermined radio- 
frequency band; 

converting fee single analog signal directly to a single 
digital rq)resentation; 

sending fee digital representation via a transmission 
means to a remote unit located in or near fee subarea; 

at fee remote unit converting fee digital representation 
directly to an analog representation of fee radio- 
frequency signal for all diannel sets within fee same 
pred^ermined radio-frequency band; and 

sending fee radio-frequency signal for each of fee plural- 
ity of channel sets to a different one of a plurality of 
antenna units, each of fee antenna units being posi- 
tioned so as to cover a different angular sector of feat 
microcell. 

6, The mefeod of claim 5, wherein fee step of sending fee 
radio-frequency signal for each of fee diannel sets includes: 
splitting fee channel sets to form multiple parallel pafes 
each carrying a signal rq>resentatic«i for a different one 
of fee channel sets; and 
filtering eadi of fee pafes differently based upon fee 
diannel set carried on that path. 
A mefeod of sectorizing coverage over a cellular 
communications area divided into a plurality of microcells 
each covering a subarea of fee communications area, each 
microcell being divided into a plurality of sectors, fee 
mefeod con^Hising: 

at a plurality of antenna units each covering a different 
sector of a microcell, receiving anal<^ telephone sig- 
nals within a predetermined radio-frequency band for a 
channel set assigned to feat sector; 
sending all fee analog telephone signals to a remote unit 
soring fee sectors of fee microcelL fee remote unit 
being located in or near fee subarea of fee microcell; 
at fee remote unit for fee microcell, combining all fee 
analog telq>hone s^als from all sectors of fee micro- 
cell into a single analog signal within fee same radio- 
frequency band as fee channel sets for fee sectors of fee 
microcell; 

converting fee single combined analog signal directly as 
a whole to a recdved digital rqpresentation; 

sending fee received digital representation via fee trans- 
mission means to a common base station serving fee 
microcells of fee communications area; 

at fee base station, converting fee received digital repre- 
sentation to an inbound analog signal within fee radio- 
frequency band; 

demodulating fee inbound analog signal to recover a 
plurality of information-bearing signals representing 
received analog telq)hone signals; and 
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sending the information-bearing signals to a mobile tele- 
con^muinications switching ofiSce. 

8. Hie method of claim 7, who-ein tiie antenna unit fcM: 
said eadi microcell includes one or more divCTsity antenna 
(s) covering one or more sector(s) of that microcdL 

9. The method of claim 8, furtiier comprising flie steps of: 
at each diversity antenna, receiving analog diversity 

signal(s) within the radio-frequency band for the chan- 
nel set of its sector, 
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sending all diversity signals for said each microceD to the 
remote unit for said each microcell; 

at the remote unit for said each microcell, converting the 
divCTsity signals from all sectors in that miaocell to a 
diversity digital representation within the radio- 
frequency band; and 

sending the diversity digital representation via tiie trans- 
mission means to the base station. 



